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In the last few years many researchers have studied genetic variability in marine

organisms, in a search for correlations between polymorphism and environmental

stability. A high degree of polymorphism has been found in deep-sea organisms
which indicates a high genetic variability ( Schopf and Gooch. 1971; Doyle, 1972;
Gooch and Schopf, 1972; Ayala and Valentine, 1974: Ayala, Valentine, Hedgecock
and Barr, 1975). These data are not in agreement with the hypothesis that pre-
dicted an impoverishment of genetic variability in those populations that live in

highly specialized environments (Levins, 1968; Grassle, 1972).
In these works a highly stable deep environment had always been chosen; in

the present research, however, the species considered come from an area that pre-

sents a certain instability of some environmental features. This area is the Wyville-
Thomson Ridge (Shetland-Faroe Channel) which is intermittently subjected to

overflows of Norwegian Sea deep waters flowing in a southwest direction towards

the Northern Rockall Trough ( Lllet and Roberts, 1973).

MATERIALS AND METHODS

Populations studied

Samples were collected in the area of the Northern Rockall Trough and the

Wyville-Thomson Ridge (Northeast Atlantic Ocean) in the period from June 30,

1976 to July 13, 1976. during the scientific cruise made by the R.R.S. CHALLENGER,

organized by the Scottish Marine Biological Association. The Agassiz-trawl was

used for the sampling. On July 2 specimens of the crustacean species, Munidopsis

hainata. were collected at a depth of 1331 meters along a transect from 59 13' 06"

N; 08 01' 05" Wto 59 13' 4<>" N ; 08 00' 58" \Y. On July 7 gastropods of a

species belonging to the genus Knccinnin and echinoderms belonging to the species

Ophiof/lvpha India t a were collected at a depth of 1058 m on a transect extending

from 60" 04' 08" N ; 05 56' 80" \Y to 60 04' 86" N
;

05 59' 02" \Y. On July 1 1

the echinoderm Ophiouuishini Ivinaui was collected at the depth of 1900 m from

57 06' 08" N
;

12 06' 01" \Y to 57 06' 73" N ; 12 05' 27" W.
The fishing operation lasted about four hours on July 2 and 7 and about six

hours on July 11. Specimens were immediately stored in the ship's deep freezer

at 20 C, and in the laboratory the specimens were stored at 30 C until the

time of dissection.

Gel preparation

The starch used is Sigma (Sigma Chemical Co.). A 12% (w.'v) solution

of starch in gel buffer was heated to near boiling point and degassed with an aspira-
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tor and then poured in a plexiglass mold, 10 X 20 X 0.3 cm (volume 100 ml).
After the electrophoresis, for each run, two different stains were carried out by

dividing the gel in two layers. In some cases electrophoresis was performed on

acrylamide gel (from Serva feinbiochemica ) on vertical slab. The methods followed

in these cases have been described by Bisol, Varotto and Battaglia (1976).

Gel and electrode buffers

Six types of buffer were used (the buffers for the gel were the same used for

the electrodes, diluted 1:1, except the buffer D diluted 1 : 10) : A, 0.083 M Tris

and 0.081 M boric acid, pH 8.5 ; B, 0.083 M Tris and 0.048 M boric acid, pH 8.8;

C, 0.01 M Tris, 0.01 M nialeic acid, 0.0025 M NaOHand 0.0002 M MgClo, pH 7.4;

D, 0.135 M Tris and 0.045 M citric acid, pH 7 ; E, 0.023 M Tris and 0.005 M citric

acid, pH 8; and F, 0.076 M Tris and 0.05 M citric acid, pH 8.8.

Sample preparation

Crude protein extracts were prepared from dissected samples of tissue (soft

tissue of ophiuroids. muscle and hepatopancreas of decapods, foot and visceral sac

of the gastropods) by homogenization in about two volumes of Tris-HCl pH 8,

0.05 M buffer. The homogenates were centrifugated at 15,000 rpm for 10 min.

Five to 10 jnl of the supernatant were absorbed with a 4 X 4 mmpiece of Whatman

TABLE I

Enzymes assayed ami buffer systems used in the study of genetic variation in four

species of deep-sea organisms.

Enzymes
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TABLE II

Allelic frequencies at eleven polymorphic loci in a deep-sea population of Buccinum sp.

Locus
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TABLE III

Allelic frequencies <i/ llurlrcii polymorphii /<>< i in <i dccp-.^cu population o/ Ophioglypha hullata.

Locus
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M.I.. V

Allelic frequencies at nine polymorphic loci in a deep-sea population oj

'

Uphioinusiuni lymani.
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FIGURE 1. Distribution of the heterozygosities of individuals.

for the estimation of the genetic variability of this species (Table V) even though,
in all probability, they were the expression of polymorphic loci as reported for a

Pacific Ocean population (Ayala and Valentine, 1974).
In Figure 1 and 2 are reported the distributions of heterozygotes both for

individuals and for loci. The summary data concerning the degree of genetic vari-

ability of the four species are given in Table VI.

DISCUSSION

An intermittent overflow of dense and deep waters, coming from the Norwegian
Sea, flows into Rockall Trough, a depression of the Wyville- Thomson Ridge (Ellet
and Roberts, 1973). Such overflow was observed and studied during the period

August 24-29, 1973, by the R.R.S. CHALLENGER(Currie, Edwards and Ellet, 1974),

along the western side of the Wyville-Thomson Ridge. Geological data indicate
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that sediments from these intermittent "overspills" can he found all along the

extension of the Wyville-Thomson Ridge. This overflow is the source of the dense
water in the deepest point of the Rockall Trough, and, moreover, it causes periodical
variations in salinity, density and temperature (Ellet and Martin, 1973).

Our results indicate that, for the species Munidopsis hauiata and Buccinmn sp.,

the agreement of the observed distribution of genotypes with the Hardy-Weinberg
is, in general, satisfied. This is not the case with several loci of the two ophiuroids,
where a significant deficiency of heterozygotes appears to be the rule. In our

opinion this fact should not be sufficient to invalidate the kind of genetic control

postulated for the observed patterns. Artifacts due to a poor storage of the material,

as well as erroneous interpretations due to between-loci hybridizations (most loci

taken into account showed a single zone of reaction) can reasonably be discarded.

Moreover, previous authors, such as Doyle (1972) for an esterase locus, and

Murphy, Rowe, and Haedrich (1976) for many loci, observed a significant de-

ficiency of heterozygotes in Atlantic populations of Ophiomusium lymani and other

ophiuroids.
Our data partially confirm the high degree of genetic variability found by other

authors in deep-sea organisms. In the ophiuroid, Ophiomusium l\inani, the esti-
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niak'd frequency of the polymorphic loci, equal to 0.529, is very near to that found

by Ayala in a population of the same species from the Pacific Ocean (Ayala and

Valentine, 1974). In the other ophiuroid, Ophioglypha bnllata, the frequency of

polymorphic loci is 0.521. The values in the gastropod, Buccinmn sp., and in the

crustacean, Munidopsis hamata, 0.250 and 0.214, respectively, are clearly lower.

Webelieve that this lower variability is not the result of a misinterpretation of the

electrophoretic patterns (i.e., esterases). The use of competing substrates which

give differential stains, and the electrophoretic analysis of homogenates of single

organ parts, supports the assumption that each apparently unvarying zone is the

expression of a single locus.

The different levels of genetic variability cannot be related to the degree of

environmental stability. The deep-sea organisms affected by the overspills are

Munidopsis hamata (low variability) and Ophiotintsiuin lyiuani (high variability),

while the species Ophioglypha bnllata
( high variability ) and Buccinum sp. (low vari-

ability) have been sampled northeast of the Wyville-Thomson Ridge in an area not

affected by these intermittent overspills. This may indirectly indicate that the

selective role of the environmental physical parameters is nil or very small. On the

other hand, the overall genetic variability is an adequate indication of the action of

selection, which can be found only in extended and periodical samplings such as to

demonstrate significant variations of genie frequencies.

Ayala et al. (1975) hypothesized that genetic variability in deep-sea populations
could be maintained by selective pressures of environmental biotic factors. With our

data it is impossible either to deny or to confirm such an hypothesis. Nevertheless,

from the analysis of the results, a significant consideration emerges : the different

levels of variability in organisms belonging to different phyla could mean that the

adaptive strategies of the species are different. It has been shown that in certain

echinoderms a greater variability is found in the species from a deep-sea environ-

ment, as compared to those from shallow water (Schopf and Murphy, 1973). In the

decapod, Munidopsis hamata, on the other hand, polymorphism is similar to that of

other species of decapods coming from different environments (Hedgecock, in

Valentine, 1976). The strategies of adaptation are the result of interactions be-

tween environmental factors and biological characteristics of the species, such as

the life cycle, reproductive type and population size.
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SUMMARY

Four species of deep-sea marine invertebrates, coming from the vicinity of the

Rockall Trough (Shetland-Faroe Channel), have been studied by means of gel

electrophoresis. The degree of genetic polymorphism found would seem to indicate



DEEP-SEA GENETIC VARIABILITY 133

absence of correlation with the particular environmental factors which characterize

the sampled area. The results suggest that the adaptive strategies of organisms

belonging to different phyla are different.
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